The Sanabria appinitic rocks and host migmatites form an unusual, non-peri-batholithic complex in which all the typical members of the appinite suite are present. It differs from most appinitic complexes in the deeper level of emplacement and the close temporal and spatial association with migmatites. Consequently, many in situ relationships that resulted from the invasion of mafic magma into a crustal anatectic zone are extremely well preserved. The complex shows unequivocal relations between members of the appinitic suite and between these and migmatites derived by anatexis of a gneissic formation (Ollo de Sapo gneiss). These relations point to derivation of monzodiorites and biotite diorites by hydrous basalt fractionation combined with fluid-assisted melting of the crustal rocks surrounding the appinitic intrusions. This hydrous basic magma may be derived from an enriched region of the mantle associated with subduction. Petrogenetic models have been tested using a combination of field relations and geochemical data. Despite the complexity of the processes involved, it is concluded that water played an important role in the petrogenesis of the intermediate and mafic magmas. Reaction between monzodiorite melts and the host migmatites was responsible for the generation of a range of intermediate rocks within the complex. The need for water to facilitate magma generation in both the mantle and the crust suggests that melting is linked with subduction. This interpretation has important implications because appinitic magmatism may be considered as indicative of subduction processes involved not only in the generation of the mafic end-members of the suite, but also in the generation of batholiths with which the appinitic rocks are spatially and temporally associated.
INTRODUCTION
One of the most significant features of late Caledonian and late Variscan granitoid batholiths within Europe is the close spatial and temporal association with mafic and ultramafic rocks of the so-called`appinite suite' (Bailey, 1960) . This suite includes several types of mafic rock characterized by hydrous mineral assemblages with hornblende and biotite and by an overall andesitic to basaltic composition of calc-alkaline affinity (French, 1966; Bowes & McArthur, 1976; Gil Ibarguchi, 1980 , 1981 Sabatier, 1991; Gal an et al., 1997; Pitcher, 1997) . Some of these rocks can be included among the socalled`basic precursors' (Capdevila, 1969) or`mafic precursors' (Bea et al., 1999) of the batholiths and have been considered to represent some kind of mantle involvement in granitoid petrogenesis (e.g. Holden et al., 1987; Gal an & Su arez, 1989) . Geochemical and Nd±Sr isotopic relationships between these mafic rocks and the granitoids strongly suggest that they may be related by a petrogenetic process such as fractionation, assimilation or magma mixing (e.g. Fowler & Henney, 1996; Pitcher, 1997; Fowler et al., 2001) . However, the intricacies of these petrogenetic processes remain poorly understood and many questions and paradoxes still are unsolved. The fact that most appinitic rocks appear as small peri-batholithic complexes and megaenclaves transported by the enclosing granite makes it difficult to recognize their primary characteristics. It is reasonable to assume that a great part of the diversity of textures and compositions of the appinitic complexes resulted from deep-seated processes not recognizable at the level of emplacement. Paradoxically, the geochemical relationships indicate that mantle components, supposedly supplied by the appinitic magmas, were incorporated into the granites and, at the same time, crustal components are identified in the geochemical characteristics of the appinites (e.g. Bea et al., 1999) . The way in which these interchanges took place is, however, poorly constrained. Magmatic fractionation, either by crystal accumulation or fluid migration, seems to be plausible to account for the variations in major elements. However, open-system processes, for example crustal assimilation, are required to account for the isotopic signatures (e.g. Fowler et al., 2001) . Neither of these processes, fractionation or assimilation, is unambiguously evidenced by field relationships, as a result of the discontinuous and fragmented nature of the isolated outcrops that characterize most appinitic complexes.
The Sanabria complex, described in this paper, is not a typical transported or peri-batholithic appinitic complex. It differs from most appinitic complexes in the deeper level of emplacement and the close temporal and spatial association with migmatites. Consequently, many in situ relationships that resulted from the invasion of mafic magma into a crustal anatectic zone are preserved. Furthermore, the complete range of rock types that constitutes the appinitic suite is present in the Sanabria complex, showing original relationships between them on a scale of metres to kilometres. These relationships provide important information on the intricacies of the complex processes that gave rise to the textural and compositional diversity of the members of the appinitic suite. Geochemical and isotopic (Sr, Nd) data are also presented, with the aim of characterizing the Sanabria appinite suite and to make comparisons with similar complexes from elsewhere in the Caledonian and Variscan belts.
REGIONAL GEOLOGY
The Iberian massif is one of the largest exposures of the Variscan orogen in Europe. The northwestern part of the Iberian massif experienced the effects of the Variscan collision between the Palaeozoic continental margin of Gondwana and a complex mosaic of Laurentian terranes (MartõÂ nez Catal an et al., 1997) . As a consequence of this tectonic history, a number of tectonothermal processes took place in the northern Iberian massif at the end of the Palaeozoic, including syn-tectonic igneous activity and high-temperature metamorphism. The internal zonation of the Iberian massif (e.g. Julivert et al., 1974 ) is a result of the stratigraphical, structural and petrological evolution of this part of the Variscan orogen. The Sanabria area is located at the boundary between two major domains of the Iberian massif: the West Asturian±Leonese Zone (WALZ) and the Central Iberian Zone (CIZ) (Fig. 1a) . The boundary coincides with a large structure, the Ollo de Sapo Anticlinorium, which is characterized by the presence of a thick sequence (1500±2000 m) of augen-gneisses (Ollo de Sapo gneiss) (Fig. 1b) of Early Ordovician age (Gebauer et al., 1993; Valverde & Dunning, 2000) , which appear to be derived from an original volcanoclastic protolith (Navidad, 1979; Ortega, 1998) .
GEOLOGY OF THE SANABRIA AREA
The Ollo de Sapo gneisses in the Sanabria region were intruded by basic magmas during the early stages of the tectonothermal evolution of the region (Variscan Orogeny), producing a wide variety of rock types with complex field relationships (Fig. 2) . These mafic rocks and their host migmatites are the subject of this study. Three main deformation phases affected the Ollo de Sapo gneisses in Sanabria (DõÂ ez Balda et al., 1990) . The large-scale structure is the result of superposed folding. D 1 deformation gave rise to a first generation of NEverging, recumbent folds, which have an associated axial-plane foliation (S 1 ). The entire Sanabria region (Fig. 1b) is located in the normal limb and hinge of a large recumbent D 1 fold, with the Ollo de Sapo gneisses located in the middle to lower part of this fold limb (Arias et al., 2000) . Two facies can be recognized in the Ollo de Sapo area and surroundings (MartõÂ nez GarcõÂ a, 1969)Ða lower augen-gneiss, overlain by a fine-grained facies (Fig. 1b) . Fine-grained gneisses are covered by metasediments ranging in age from Lower Ordovician to Devonian. A second planar±linear fabric (S 2 and L 2 ) is observed in the augen-gneisses. S 2 varies gradually from a crenulation cleavage affecting S 1 in the fine-grained gneisses, to a schistosity in the basal augen-gneisses, where it penetrates the whole rock and transposes the previous S 1 fabric. A concomitant increase in the metamorphic grade is observed from top to bottom in the Ollo de Sapo gneisses. The D 2 deformation is interpreted as due to an intense subhorizontal shearing. The observed kinematic criteria indicate a top-to-the-SE sense of movement for this shear zone, acting as an extensional structure. Migmatization of the basal Ollo de Sapo augen-gneisses coincides with the D 2 shearing, and affected the core and deepest parts of the D 1 recumbent fold. This is the specific area studied here (Fig. 2) , where the D 1 structures are almost completely transposed by D 2 . The last deformation phase (D 3 ) is responsible for a second generation of folds. These are kilometre-scale, sub-cylindrical, upright and north-verging folds, with subrounded to subangular closures (Twiss, 1988) . Vegas et al. (2001) interpreted the D 3 folds at a regional scale as formed in association with a dextral strike-slip fault stepover. Lancelot et al. (1985) ]. The rectangle in (a) shows the location of the study area. The polygon in (b) corresponds to the area studied in detail, illustrated in Fig. 2 . Sanabria is syn-kinematic with D 2 deformation and with the migmatization of the Ollo de Sapo host gneisses. Therefore, knowledge of this tectonic sequence is essential to understand the petrogenetic processes involved. Absolute age determinations yield an age within the range 340±350 Ma (Dallmeyer et al., 1997 , and references therein) for the D 2 deformation and, hence, for the migmatization of the Ollo de Sapo gneiss. Consequently, a reference age of 345 Ma is used for corrections of initial isotopic ratios for Sr and Nd.
Intrusion of mafic and intermediate igneous rocks in

ROCK TYPES AND FIELD RELATIONS IN THE SANABRIA COMPLEX Rock types and petrography
It is inferred from field relations observed in the Sanabria massif that some kind of interaction between mafic magmas and the Ollo de Sapo gneisses occurred at the level of emplacement. As noted above, the complex is not a classical peri-batholithic type, transported by granodiorite magmas from deep crustal zones (Castro et al., 2002a) . Consequently, it is expected that many of the observed field relations are primary, not modified by transportation from depth, and resulted from in situ processes related to the intrusion of mantle-derived magmas into anatectic rocks. The absence of radiometric ages for the mafic rocks precludes a precise chronology of events. Field relationships indicate that migmatization was coeval with the intrusion of the basic magmas in Sanabria. However, a cause-and-effect relation between the two processes cannot be established from this observation. In this paper we describe the most outstanding of these features because they have important implications for the formulation of petrogenetic hypotheses in relation to the generation of the varied spectrum of rocks of the appinitic suite. Appinite suite rocks, ranging in composition from hornblende gabbro to monzodiorite, are found in the Sanabria complex in an area about 3 km wide, extending for several kilometres along the regional trend of the tectonic structures. Detailed field relationships in an area of the Sanabria Natural Park between the Porto Lake and the Vegadetera Lake are shown in Fig. 2 . This varied spectrum of rock compositions and textures is a general feature of appinitic complexes (see Pitcher, 1997) .
To simplify the descriptions we have grouped all the rocks of the Sanabria complex into the following lithological groups: (1) hornblende gabbros and diorites; (2) monzodiorites; (3) banded diorites; (4) granodiorites; (5) leucogranites; (6) gneisses and migmatites. Although granodiorites and leucogranites form separate intrusions in the Sanabria area, they are included in this study because they are spatially associated with the mafic complexes and migmatites on a regional scale. Many appinitic mafic±ultramafic complexes in the Iberian Variscan massif are associated with granodiorite intrusions as peri-batholithic complexes (Castro et al., 2002a) .
Electron microprobe analyses of the main mineral phases, biotite, amphibole and plagioclase, were obtained from each of these lithological types. Biotites from a suite of samples from a traverse across a gabbro± monzodiorite contact in the Garandones area were also selected for electron probe microanalysis, performed using a Cameca Camebax SX-50 system equipped with four spectrometers at the University of Oviedo. Operating conditions were 15 kV accelerating potential and 15 nA probe current. Calibration standards are albite for Na, Si and Al; wollastonite for Ca and Si; NiO for Ni; corundum for Al; Cr 2 O 3 for Cr; andradite for Fe and Ca; MnTiO 3 for Mn; periclase for Mg; orthoclase for K; magnetite for Fe; apatite for P. Data corrections are according to Pouchou & Pichoir (1984) . Representative data are listed in Table 1 .
Hornblende gabbros and diorites
These are coarse-grained rocks composed dominantly of hornblende and plagioclase. Hornblende gabbros (80±90 vol. % amphibole) occur as decametre-sized blocks and smaller enclaves surrounded by massive diorite and monzodiorite. An interesting feature is the presence of monzodiorites separating hornblende gabbro bodies and migmatites. Gabbros and migmatites are never found in direct contact. Patches of hornblendite (490 vol. % amphibole), tens of metres in diameter, are found in the inner parts of the hornblende gabbro bodies. Hornblende gabbros and monzodiorites commonly appear as brecciated blocks intruded by leucotonalites and granitic veins (Fig. 3a) . These hornblendites and hornblende gabbros are typically coarseEgrained, hypidiomorphic rocks with cumulatelike texture (Fig. 3b) . The contacts with the surrounding monzodiorites are sharp on a centimetre scale and often have lobate and crenulated shapes, suggestive of liquid±liquid contacts. In places the contact is backveined and fragments of the hornblende gabbro bodies are completely incorporated to the surrounding monzodiorite (Fig. 3c) . Partially digested blocks of the hornblende gabbro occur within the monzodiorites, ranging in size from clots of hornblende crystals up to a few centimetres in diameter. Another characteristic feature of the hornblende gabbros and the diorites is the presence of granitic enclaves ( Fig. 3d ) with rounded shapes, and ranging in size from a few centimetres to 0Á5 m. These normally have a hornblende-rich outer margin suggesting some reaction between the granite enclaves and the host magma.
The most common medium-grained hornblende gabbros and diorites comprise amphibole (hornblende), plagioclase (An 57 ) and biotite. Similar to other hornblende-rich rocks of the appinitic suite, the hornblende gabbros of Sanabria typically contain polycrystalline clots of amphibole (Castro & Stephens, 1992; Stephens, 2001 ) surrounded by Mg-rich biotite rims (Fig. 3e) . In particular, in the more silica-rich rock types (diorites and monzodiorites) the amphibole forms large (2±10 mm), euhedral crystals with a more Mg-rich core compared with the rim. These euhedral crystals are characterized by the presence of biotite inclusions (Fig. 3f ) . Accessory minerals are mainly apatite, titanite and Fe±Ti oxides. A diagnostic feature is the presence of poikilitic Mg-rich biotite with Mgnumber 0Á6 [Mg-number mol MgO/(mol MgO mol FeO)] (Table 1) . Amphiboles are classified (Leake, 1978) as Mg-hornblende to actinolite (Fig. 4a) . Pargasite substitution is dominant, but Ti-Tschermak substitution is also observed. Compositional zoning in the amphibole crystals is common. Typically, cores are richer in total Al and depleted in Mg-number relative to rims. Chemical analyses of biotites are projected into Al IV vs Fe/(Mg Fe) composition space in Fig. 4b (Deer et al., 1966) .
Monzodiorites
These are medium-to fine-grained rocks composed of granular aggregates of plagioclase and amphibole, with subordinate biotite (Mg-number 0Á4), quartz and alkali feldspar. Plagioclase is highly variable in composition (An 26±64 ). Accessory minerals are titanite, zircon and apatite. Alkali feldspar occurs as large poikilitic crystals that include biotite and plagioclase.
This group of rocks is the most abundant of all the mafic and intermediate rocks in the Sanabria complex. Commonly, these rocks show mottled textures in which several plagioclase crystals are clustered around a partially resorbed titanite core. They also appear surrounding the bodies of hornblende gabbro and diorite as mentioned above. Near the contacts with these mafic bodies, the monzodiorites are very heterogeneous both in texture and composition. In close proximity to the gabbro they are locally coarse grained and have a pegmatitic appearance with large biotite crystals up to a few centimetres length. They also may contain irregular patches of plagioclase-rich rocks, interpreted as cumulates (Fig. 5a ), which have intergranular biotite. These patches, together with the presence of hornblende gabbro enclaves (Fig. 5b) and partially disaggregated patches of migmatite (Fig. 5c ), give these rocks a typically heterogeneous appearance. The study of these heterogeneities is of great interest in the formulation of petrogenetic models.
Banded diorites
This family of dioritic rocks are medium grained and typically have hypidiomorphic textures, consisting mainly of plagioclase (An content up to 59 mol %), biotite (Mg-number 0Á4) and amphibole, with accessory titanite, apatite, zircon and opaque minerals. Biotite generally encloses polycrystalline aggregates of Mg-hornblende. The diorites usually show a fine-scale banding (1±10 cm thick) defined by differences in grain size, with minor compositional changes in major elements (Fig. 6a ). Plagioclase shows a trachytic texture (Fig. 6b) produced by magmatic flow parallel to the mesoscopic banding. Some bodies of banded diorite crop out in areas within the migmatized Ollo de Sapo gneisses, with which they are normally intercalated on a scale of centimetres (Fig. 6c) , forming continuous bands parallel to the main foliation of the migmatized gneisses.
Granodiorites
Granodiorites form intrusive plutonic bodies in the northern part of the massif. They are coarse-grained rocks, typically with K-feldspar megacrysts. The main mineral phases are alkali feldspar, quartz, biotite (Mgnumber 0Á3) and plagioclase (An 37 ), with zircon, titanite and apatite as accessory minerals. Some fine-grained, decametre-sized, tonalite bodies are found with these granodiorites.
Leucogranites
Leucogranites form irregular pockets (1±100 m) surrounded by migmatized gneisses (Ollo de Sapo) in several sectors of the Sanabria complex. They have hypidiomorphic textures and a medium grain size. Alkali feldspar is the main mineral phase together with quartz and plagioclase (An 10 ). Biotite (Mgnumber 0Á2) and muscovite are scarce and interstitial. Accessory minerals are apatite and zircon.
Gneisses and migmatites
The Ollo de Sapo gneisses are coarse-grained rocks with porphyroblastic textures made up of K-feldspar megacrysts, quartz, plagioclase and biotite (Mgnumber 0Á3). Alkali feldspar megacrysts can be up to 10 cm in length, and can have inclusions of quartz, biotite, apatite and plagioclase. Some fibrolite crystals have been found in the migmatized facies of the gneisses. Zircon and apatite are the main accessory minerals. Leucosomes occur as veins, or elongated lenses either following the foliation in the migmatized gneisses or filling up shear zones and extensional structures and veins. The leucosomes are similar to the leucogranites, and have alkali feldspar as the main mineral phase, with quartz and Na-rich plagioclase (An 0±11 ). Some muscovite and biotite are always present.
Mutual relationships and implications
Hornblende-rich gabbros and intermediate rocks crop out as massive blocks showing a concentric zoning with more mafic rocks at the centre, surrounded by diorites and monzodiorites. These intermediate rocks also occur as foliated tabular or lensoidal layers, ranging in thickness from a few centimetres to more than 100 m, alternating with migmatized gneisses at the periphery of these zoned mafic bodies.
Monzodioritic rocks show a fine-scale layering defined by alternating bands (Fig. 6a) , on a centimetre scale, with differences in grain size but not of chemical composition. There is a marked mineral foliation in these bands defined mainly by the orientation of plagioclase laths (Fig. 6b) and biotite flakes. Interstitial quartz is not deformed and there is no intracrystalline deformation in plagioclase. Therefore, and according to the criteria outlined by Paterson et al. (1989) , this mineral foliation is considered as magmatic in origin. In the peripheral regions, surrounding the main mafic complex, monzodiorites and tonalites appear as small rafts within the leucosomes of the migmatized gneiss. These monzodiorites and tonalites do not show any sign of solid-state internal deformation and they are interpreted as the remains of dismembered synplutonic dykes injected at an early stage into the partially molten migmatite. The orientation of biotite aggregates and elongated leucosomes define the S 2 foliation in the migmatized gneisses. A remarkable observation is the absence of solid-state deformation microstructures in the leucosomes of the migmatized gneisses, which have a granular, hypidiomorphic microstructure and alternate in banded complexes with monzodiorite±tonalite layers (Fig. 6c) . S 2 and S m (magmatic foliation) are parallel at both outcrop and map scales (Fig. 2) . Kinematic criteria associated with S m in the monzodiorites and tonalites include a weak mineral lineation, folds and shear bands that indicate a shear sense consistent with that observed in the migmatites. The inference from these observations is that migmatites and monzodiorite±tonalite bands were deformed in the magmatic state, one as an anatectic system (migmatites) and the other as a crystallizing magma (monzodiorite±tonalite bands). S 2 and S m are a consequence of the same D 2 shearing event, and were subsequently folded by D 3 . Therefore, the intrusion of the mafic magmas and the migmatization of the Ollo de Sapo gneiss were coeval.
Granodiorites form large bodies in the northern part of the mapped area. They were emplaced in lateral continuity with the main mafic complex (see crosssection in Fig. 2 ). Granodiorites always appear intercalated with migmatized gneisses and both have complex geometric relationships at the scale of the map.
From these relations it seems clear that some kind of physical and possibly chemical interaction between the appinitic magmas and the migmatites is likely to have occurred at the level of intrusion into the anatectic zone. The zonal distribution of mafic and intermediate rocks of the appinitic suite and the syn-kinematic and syn-anatectic character of the intrusions clearly indicate that interaction took place at this level of the crust and that the observed relations are in situ. This is important because it allows us to investigate the processes involved in the generation of hybrid magmas. Detailed information about these processes can be obtained from the relations observed in the Garandones Lake area, at the core of the zoned complex.
Small-scale field relations in the Garandones Lake area
Good exposures in the Garandones Lake area, at the core of the main mafic body (Fig. 2 ) supply important information on the relations between the various members of the appinitic suite. Figure 7 shows a detailed map of a 40 m Â 15 m outcrop in which the relations between hornblende gabbros and intermediate rocks are clearly exposed. The inset to this map shows the locations of samples obtained across a boundary between hornblende gabbros and monzodiorites. Appinites sensu stricto (hornblende gabbros and diorites) and hornblendites occur as brecciated blocks within leucocratic monzodiorites and quartz diorites. These composite bodies were later brecciated and back-veined by a network of leucocratic veins. Some partially dismembered blocks of gneiss are included in the diorites. Hornblende gabbros, with typical poikilitic Mg-biotite and Mg-hornblende, are the dominant rocks at the core of the zoned complexes. Plagioclase cumulates with interstitial biotite also appear as isolated blocks enclosed within the diorites. Hornblende gabbros may contain rounded granitic inclusions surrounded by a reaction rim rich in amphibole. These inclusions are also present at the scale of individual crystals of quartz showing the same amphibole-rich rim, similar to the ocellar structures frequently found in microgranular enclaves and intermediate rocks of the appinitic suite (Vernon, 1983 (Vernon, , 1991 . These granitic inclusions may represent portions of granitic rocks that were incorporated by the basic magma during intrusion into the continental crust. This interpretation is supported by the presence of reaction rims around these granitic inclusions, indicating that they were in disequilibrium and were partially dissolved by the host mafic magma.
Another important observation in the outcrops of the Garandones area is that hornblende gabbros are surrounded by a discontinuous marginal facies of pegmatitic diorite (Fig. 2) composed of large crystals (41 cm) of biotite intergrown with plagioclase. Some quartz is also present in these dioritic pegmatites. Large fragments of the partially molten Ollo de Sapo migmatites appear disaggregated and partially digested within the monzodioritic rocks surrounding the hornblende gabbros. In places, only the large K-feldspar megacrysts from the migmatized Ollo de Sapo gneiss are identifiable. The matrix is composed of a leucocratic diorite, instead of the typical granite. Plagioclase in these intermediate rocks exhibits complex zoning patterns resulting from disequilibrium processes related to changes in magma composition (Castro, 2001) . The inference from these observations is that some chemical reaction must have taken place between the water-rich mafic magma (the monzodioritic pegmatite) and the partially molten migmatite. These field observations are crucial to understand the complex chemical relationships found between the rock types within the Sanabria complex. In particular, the observations on the transition from hornblende gabbro to diorite are considered in some detail below so as to decide whether the gabbros represent magmatic cumulates or mafic restites left behind after partial melting.
Samples from a profile across the contact between the hornblende gabbro and diorite have been studied in detail in a block 1 m Â 3 m in diameter, which is intruded by leucocratic veins (Fig. 7) . The rocks on both sides of the interface show gradual changes in texture, grain size and modal composition, suggesting that the contact is primary and related to the magmatic evolution of both magmatic systems. In detail, the contact between hornblende gabbro and biotiterich pegmatitic monzodiorite is irregular, but sharp at the scale of individual crystals. Near the contact, portions of the hornblende gabbro are incorporated as enclaves into the monzodiorite. The grain size of the monzodiorite is coarser at the contact with the hornblende gabbro and decreases away from it. In the hornblende gabbro, the grain size and hornblende content show some variations from the contact towards the interior of the block. The grain size is finer and the biotite content higher within a narrow 0Á3±1Á0 m band near the contact with the monzodiorite. The pegmatitic texture with large biotite crystals (up to 2 cm) and Fig. 7 . Geological sketch map of a representative outcrop of the Garandones Lake area showing the detailed field relationships between Hbgabbros and diorites. The gabbros form large brecciated blocks within a monzodiorite host that are back-veined by leucocratic veins of granite to tonalite composition. The leucocratic veins and pegmatitic monzodiorites are transitional facies. The Hb-gabbro is back-veined by residual melts from the dioritic magma that surrounded the gabbro intrusion. The curved and irregular shapes of the contacts between the gabbros and monzodiorites indicate the magma±magma nature of these contacts. The inset shows a detail of the Garandones profile with the location of samples studied for geochemistry and mineral composition across the contact between Hb-gabbro and monzodiorite. euhedral plagioclase (0Á3±1 cm) in the monzodiorite is indicative of crystallization from a water-rich magma or fluid. The contact relationships suggest that diorite segregated from the gabbroic magma leaving a hornblende-rich cumulate. This interpretation will be considered in a subsequent section based on geochemical variations across the interface separating the hornblende gabbro and monzodiorite. Apart from variations in the modal abundances of biotite and hornblende in the gabbro body towards the contact with the monzodiorite, there are interesting variations recorded in the chemical composition of the biotite. Table 1 shows representative mica analyses from the detailed profile indicated in Fig. 7 . Figure 8 shows the main compositional variations in the chemistry of biotite across this profile. The Mg-number of biotite in the hornblende gabbro decreases slightly from 0Á7 to 0Á6 towards the interface and is somewhat lower ( $0Á5) in the monzodiorites. Most of these analyses are of biotites included within amphibole, a typical texture of appinitic hornblendites and hornblende gabbros. The most significant variation is displayed by Si and Ti. The good correlation between Si and Ti indicates that this variation is related to a Ti-Tschermak substitution, which is related to temperature variations: biotites richer in Ti equilibrated at higher temperatures compared with biotites poorer in Ti. The increase in Ti is towards the margin of the mafic body where the hornblende gabbro has a finer grain size, suggesting some chilling effect against the surrounding monzodiorite. This zoning is preserved from re-equilibration as a result of the coupling of Ti with tetrahedral Al in the biotite structure. Re-equilibration, however, may have affected the Mg-number of the biotite. The biotite compositional variations indicate that the margins of the mafic bodies crystallized earlier than the cores and that these margins recorded high-temperature conditions whereas re-equilibration by slow cooling dominated the cores. As noted above, the hornblende gabbro is never in direct contact with the migmatitic rocks, and is always separated from them by a zone of intermediate rocks of monzodiorite composition. The inference is that monzodiorites may therefore represent the by-products of some kind of reaction between fluids or melts extracted from the basic magmas and the anatectic rocks developed from the Ollo de Sapo gneisses. The intricacies of this reaction process can be better understood by examining the variation in major and trace element geochemistry across the hornblende±gabbro monzodiorite interface. These chemical variations for this particular outcrop and for the most representative rock types of the Sanabria complex are discussed in the next section.
WHOLE-ROCK COMPOSITIONS Sampling and analytical techniques
To characterize the range of geochemical variation within the Sanabria complex, representative samples from each of the main rock types were analysed for major and trace elements. Selected samples from each group were also analysed for their Sr and Nd isotope composition. Apart from this general sampling, detailed sampling was carried out on the small-scale traverse across the contact between the hornblende gabbros and monzodiorites of the Garandones area, described above.
Major elements were analysed by X-ray fluorescence (XRF) at the University of Oviedo (Spain) using glass beads. The typical precision of the XRF technique was better than AE1Á5% relative. Trace elements and rare earth elements (REE) were analysed by inductively coupled plasma mass spectrometry (ICP-MS) with an HP-4500 system at the University of Huelva, following digestion in a HF HNO 3 (8:3) solution, drying and second dissolution in 3 ml HNO 3 and later 3 ml HCl. The average precision and accuracy for most of the elements fall in the range of 5±10% relative, and they were controlled by repeated analysis of the SARM-1 (granite) and SARM-4 (norite) international rock standards. Rb±Sr and Sm±Nd isotopic ratios were determined using a Finnigan MAT-262 mass spectrometer at the University of Granada and at the University of the Basque Country, Bilbao (Spain). Analytical details of the routine methods used at the University of Granada have been given by Montero & Bea (1998) and Bea et al. (1999) . Two appinitic rocks (Table 3) were analysed in the Department of Geology of the University of the Basque Country. Sr and Rb and the REE were separated by specific extraction chromatography using the method described by Pin et al. (1994) and Pin & Santos Zalduegui (1996) 
Major elements
The rocks of the Sanabria complex show a wide range in silica content from basaltic (gabbro) and ultramafic compositions to leucogranite. Monzodiorites, diorites and granodiorites are intermediate in composition. An important feature is the high content in K 2 O even in the more basic compositions. The compositional trend displayed in the K 2 O±silica diagram is of high-K to shoshonitic affinity (Fig. 9) . Most hornblende gabbros have high MgO contents, normally 410 wt %. These samples correspond to blocks of several metres diameter that are enclosed by monzodiorites and diorites (e.g. the Garandones gabbros). In major element vs silica variation diagrams (Fig. 10 ) there appear to be two compositional trends, which converge at a silica value of $63 wt %. These two trends are most distinct in the plot of Al 2 O 3 vs SiO 2 and are therefore referred to as the high-Al and low-Al trends, respectively. The high-Al (HA) trend is defined by monzodiorites, Bt-diorites and Bt-tonalites. For MgO and Al 2 O 3 this trend points towards the granodiorites and the Ollo de Sapo migmatites and related leucogranites. The low-Al (LA) trend is more curved for both Al 2 O 3 and MgO and converges to the same silica-rich rocks (i.e. granodiorites and the Ollo de Sapo migmatites). For other major oxides such as Fe 2 O 3 and CaO there is a single trend. The scattered distribution of alkalis Na 2 O and K 2 O makes it difficult to recognize these two trends. However, samples richer in alkalis are part of the HA trend in the low-silica region of the diagrams. Also depicted in these diagrams are the fields of hornblende gabbros and monzodiorites from the profile sampled in the Garandones Lake area. The arrows linking these fields indicate the enrichment in Al 2 O 3 and alkalis and the depletion in Fe 2 O 3 , MgO and CaO in the monzodiorites with respect to the hornblende gabbros. It is important to note the distinct jump in composition between these two rock types, monzodiorites and hornblende gabbros. The observation that the monzodiorites of the Garandones profile are a part of the HA trend suggests that a detailed study of the local variations within this profile may help to understand the origin of these trends and hence the petrogenesis of an important part of the appinitic suite. The spatial variations across the contact between these two rock types are illustrated in Fig. 11 for selected major and trace elements. To avoid the constant sum effect, major element abundances have been normalized to 100 oxygens in these plots. The central part of the hornblende gabbro body is nearly homogeneous. Near the contact, a marked compositional gradient is observed for most major elements, with a distinct compositional jump across the contact. The profiles for Fe, Ti, K and Si are completely divergent at both sides of the contact. The meaning of these relations will be discussed below. It is interesting to note the high content of Sr, Ba and LREE in most of the monzodiorites of the Sanabria complex (Table 2) . Similar characteristics are found in Caledonian appinitic rocks (e.g. Rogart in Scotland, Fowler et al., 2001) and in other Variscan complexes (e.g. Guitiriz in Galicia, Menendez & Ortega, 1999; L opez Moro, 2000) . 
Trace elements and REE
Sr and Nd isotopic ratios
Sr and Nd isotopic ratios have been analysed for representative samples from the Sanabria complex; the data are listed in Table 3 . Although the number of analyses is small and does not allow an in-depth study of the isotopic variation, the available data are useful for comparison with other appinitic complexes and provide some constraints on the petrogenetic hypotheses inferred from field relations and geochemical variations. The most salient feature is the steep trend in Nd±Sr isotope space defined by all rock types from gabbro to granite (Fig. 14) ; there is a narrow range in the initial Sr isotopic composition (at 345 Ma) and a wide variation in the initial Nd isotopic ratios, expressed as e Nd (345 Ma). This pattern is consistent with other appinitic complexes from the Iberian Variscan massif, such as the Vivero massif in Northern Spain (Gal an et al., 1996) and the Gredos batholith in Central Spain (Moreno Ventas et al., 1995) . It is remarkable that two samples of hornblende gabbro, which are nearly identical in terms of their major element chemistry and mineral assemblage, are very different in terms of their Nd isotope composition: one is close to a primitive, CHUR-like, composition (e Nd $ À1) and the other is close to typical Variscan crustal values (Vivero and Gredos massifs) and granodiorites (e Nd $ À4). Most of the mafic and intermediate rocks have a clear crustal signature in terms of Nd isotopic composition. Also for comparison, two samples of the Ollo de Sapo migmatitic gneisses were included in this study. These plot at the left end of the wide field in Sr initial ratios displayed by the gneisses in the Iberian massif (Beetsma, 1995; Castro et al., 1999) . The Sanabria samples roughly define a curvilinear trend that may approach an assimilation±fractional crystallization (AFC) trend. This aspect will be discussed further below.
DISCUSSION Intrusion mechanisms and time sequence in relation to regional deformation
It has been shown previously that the main episode of magma intrusion appears to be coeval with the migmatization and penetrative deformation of the host rocks (Ollo de Sapo gneisses). The structures developed during this deformational episode, here attributed to the regional D 2 phase, are affected by the D 3 folding episode, which is responsible for the reorientation to vertical of the D 2 fabrics (Fig. 2) . If the D 2 structures are restored to their pre-D 3 position, they define a subhorizontal shear zone with a top-to-the-SE sense of movement. This phase is described as a SE-directed crustal extension in nearby sectors of the Central Iberian Zone (Escuder et al., 1994; DõÂ ez Balda et al., 1995) . Experimental data on the melting relationships of the Ollo de Sapo gneiss (Castro et al., 2000) indicate that migmatization of this gneiss took place by decompression melting, in agreement with the observed field relationships between D 2 structures and migmatization. However, it is worth mentioning that magma intrusion and migmatization conditions could have survived until the end of the D 3 episode, as revealed by small septa of leucogranitic bodies located at the southern part of the studied area, and by the structural and magnetic fabric study of Fig. 11 . Compositional profiles across the contact between Hb-gabbros and monzodiorites in the Garandones profile (sample locations in Fig. 7) . The black box labelled O.S. on the ordinate represents the composition of the migmatitic gneisses (see text for further details). Vegas et al. (2001) . Decompression melting appears to be coeval with the intrusion of basic magmas into the anatectic zone. Thus, both processes, decompression and heating, may have contributed jointly in producing crustal anatexis in this sector of the Variscan orogen.
Identification of magmatic series and processes
Intermediate rocks
With regard to the intermediate rocks, the geochemical relationships observed in the Garandones Lake area are very informative about the range of processes that have occurred. The compositional variations displayed in the profiles of Fig. 11 exclude the possibility that these magma bodies were generated separately and one intruded into the other accidentally. Furthermore, the shape of the profiles cannot be the result of a geochemical gradient between two different magmas of contrasted compositions. In some cases the element increasing towards the contact, within the marginal part of the gabbro body, is depleted in the surrounding monzodiorite. This is the case for Ti, K and Fe (Fig. 11) . Conversely, the elements decreasing towards the contact are enriched in the surrounding monzodiorite (e.g. Si). The zone of major variation, or compositional gradient, within the hornblende gabbro body is a narrow band that coincides with the zone with differences in grain size and modal abundances. This band is richer in biotite and the grain size is finer than in the interior of the mafic hornblende gabbro body. The interpretation of this band as a chilled margin is in agreement with the compositional variations recorded by biotite as discussed above. However, whole-rock variations in major and trace elements require more detailed attention. The compositional jump across the interface is independent of the compositional gradient observed within the narrow band of the gabbro body, as mentioned above. It is paradoxical that this narrow band crystallized earlier than the central part of the gabbro and at the same time it is enriched in incompatible elements such as K, Rb and the REE. The enrichment in K may be accounted for by the early precipitation of biotite in the margins of the mafic body. This is in agreement with the particular textural relations of these mafic rocks in which biotite is an early phase included within euhedral hornblende. Consequently, the potassic character of the mafic bodies is likely to be a primary feature inherited from their mantle source, not acquired during crystallization in the continental crust by assimilation of potassic rocks. A simple mixing calculation indicates that a mass fraction of $40% of granite must be assimilated to produce the K content of these mafic magmas. This mass fraction implies a silica content in the resulting hybrid of $60 wt %, and this is in disagreement with the low silica content ( $50 wt %) of the gabbroic rocks with K 2 O contents of $2Á5 wt %. A similar estimation is obtained from the REE content of these mafic rocks. A mass fraction of granite 450 wt % is necessary to account for the high content in REE, especially in LREE. The conclusion from these estimations is that the high contents of both K and REE cannot be accounted for by assimilation of granitic rocks alone. The basic magma that intruded into the anatectic rocks of the Sanabria complex was originally rich in K and REE as well as in water. Primary water is of fundamental importance in accounting for the geochemical features and field relations displayed by these appinitic complexes.
The enrichment in Rb in the marginal zones of the mafic bodies may be interpreted in the same way as Fig. 12 . Chondrite-normalized REE patterns [normalization according to Nakamura (1974) ] for the rocks of the Sanabria complex.
K because of the coupled behaviour of both elements. However, the enrichment in REE and the depletion in refractory elements such as Cr and Ni remain paradoxical. A possible explanation is that fluids released from the crystallizing mafic magma transported REE and other incompatible elements from the interior of the magma body towards the surroundings and altered the crystallizing chilled margin. This margin was relatively cooler and more crystalline than the interior of the mafic magma and may have acted as a trap for incompatible elements that were captured by crystallizing phases such as apatite and allanite that are very abundant in the marginal facies of the mafic bodies. The compositional jump observed across the interface is compatible with the separation of a discrete fluid phase. This may be a water-rich pegmatitic fluid that the basic (gabbro) magma released during crystallization within the migmatite host.
The pegmatitic textures, evidencing ion mobility assisted by a fluid phase, of the monzodiorites surrounding the mafic bodies are also in favour of this interpretation. The composition of this gabbro is in some way residual rather than a primary melt, based on the high MgO content (up to 18 wt %). The residual character may be related to the extraction of a water-rich fluid phase that is transferred to the migmatite host. The absence of migmatites in mutual contact with the mafic bodies indicates that the monzodiorites are likely to be the result of chemical reaction between a water-rich fluid released from the basic magma and the host migmatites. The geochemical variations for the HA trend in which the pegmatitic monzodiorites are included support this interpretation. The evolution of the LA trend may be related to a process of magmatic fractionation from the same basic magma.
In summary, a water-rich basic magma, rich in K and REE, intruded into an anatectic zone within the continental crust and underwent two different processes. One is related to crystal fractionation and the production of Al-poor intermediate magmas (the LA trend). The other is related to the release of a waterrich fluid towards the host migmatites that reacts with these peraluminous rocks and produces Al-rich intermediate magmas (the HA trend) of monzodiorite composition. Remnants of partially digested Ollo de Sapo migmatites included within the monzodiorites of the Garandones Lake area provide further support for this process of fluid-assisted reaction and assimilation. The process is, however, more complex, as denoted by the presence of plagioclase cumulates in patches within the monzodiorites surrounding the hornblende gabbros as mentioned above. These relations indicate that additional differentiation processes occurred during assimilation. These processes are compatible with the observation of a marked enrichment in Sr (41000 ppm) within the monzodiorites. This enrichment is coupled with a similar enrichment in Na but not in Ca, which is retained in the Hb-rich cumulates. Other elements have concentrations intermediate between the composition of the mafic body and that of the Ollo de Sapo gneisses±migmatites (Fig. 11) .
AFC modelling and implications
This complex process involving magmatic fractionation and, at the same time, water loss to the surrounding crustal rocks may produce a series of intermediate rocks that follow a hypothetical trend of AFC. The Sr and Nd initial isotopic ratios of the basic and intermediate rocks of the Sanabria complex (Fig. 14) display a curved trend close to the model curve of an AFC mixing model assuming an assimilation/fractionation ratio (r) of 0Á5. For this model curve it is assumed that r and the partitioning coefficients (D) for Sr and Nd remain constant during the crystallization± assimilation combined process (DePaolo, 1981) . It is interesting to note that Sr must be an incompatible element and Nd must have a D value close to unity for the model curve to be close to the data points (Fig. 14) . This situation is not very usual in basaltic systems but may be important if amphibole, and not plagioclase, is the dominant fractionating phase (DePaolo, 1981) . In the case of the Sanabria trend, the residual gabbroic rocks are dominantly composed of hornblende with subordinate plagioclase. At the same time, the monzodiorites surrounding the Hb-gabbros are richer in Sr than both the gabbro and the hosting migmatites (Fig. 11b) , denoting that plagioclase was not an important fractionating phase in this system and that Sr was enriched in the residual fluids expelled from the waterrich basaltic magma; i.e. Sr behaves as an incompatible Bea et al., 1999) and in the Vivero massif (Gal an et al., 1996) are depicted for comparison. These are typical peri-batholithic appinite complexes of the Iberian massif. A model AFC curve is shown linking the more primitive basic rock and the Ollo de Sapo migmatites. Values of the partition coefficients used (D) are 1Á2 for Nd and 0Á51 for Sr (Sisson, 1994) . The ratio of assimilation to fractional crystallization (r) is 0Á5. A value of D for Sr 51 must be applied to fit data points to the model curve. A tentative value for D Sr of 0Á4 is taken. The behaviour of Sr as an incompatible element is in agreement with the observed enrichment in Sr in the pegmatitic monzodiorites surrounding the Hb-gabbros of Garandones. The model AFC departs from a simple mixing line in which no fractionation is considered (D 1 for Sr and Nd), indicating that Sr fractionation is needed to account for the observed variations.
element. This observation satisfies the requirement of the AFC modelling shown in Fig. 14 . However, the simple process of a magma chamber that assimilates country rocks at the same time as it fractionates into a crystal cumulate, as required for AFC geochemical modelling (DePaolo, 1981) , is not in agreement with field relations observed within the Sanabria complex. It seems plausible that the basic magma underwent hornblende fractionation as indicated by the low-Al trend of intermediate rocks and the richness in Hb of the more mafic gabbro. However, as denoted by field relations and geochemical variations in the Garandones profile, assimilation occurred between a fluid phase released from the crystallizing gabbro and the hosting migmatites. As Sr was partitioned to this fluid phase, the overall modelling is similar to an AFC process, implying the migmatites and gabbros as the endmembers (Fig. 14) . However, this process took place outside the magma chamber and involved a fluid phase that reacted with surrounding migmatites. This may be considered a special case of AFC in which fractionation is related to the separation of a fluid phase rather than to the fractionationation of crystals alone. It must be remarked that this situation is triggered by the crystallization within the continental crust of a water-rich basaltic magma. The operation of this special case of AFC may be the most usual one for subduction-related, water-rich basic magmas emplaced at any level into the continental crust; with the implication that many intermediate rocks with hybrid isotopic signatures may have their origin in the continental crust generated by processes of fluidassisted assimilation and fractional crystallization.
Identification of the parental basic magma
The identification of a parental basic magma, as required for any petrogenetic modelling, is not straightforward. There is no unambiguous textural criterion that may be used to identify any rock of the Sanabria complex as crystallized from a primary melt. The parallel and steep REE patterns displayed by the monzodiorites and biotite diorites (Fig. 11 ) strongly suggest that they were not generated by a single process involving fractionation of a mineral phase such as hornblende alone. The comparison between the hornblende gabbros and the monzodiorites from the Garandones profile indicates that REE depletion occurred in the interiors of the gabbro bodies compared with the margins. As mentioned above, this enrichment in REE in the margins cannot be related to a compositional gradient associated with the proximity of the monzodiorite magma because the monzonites are poorer in REE than the gabbro margin. A plausible interpretation to account for these paradoxical variations is that REE were transported by a water-rich fluid released from the basic magma and were trapped by the crystallizing chilled margin. The enrichment in LREE may be related to such a process of fluid migration as a result of the preference of the LREE for water-rich fluids compared with heavy REE (Kogiso et al., 1997) . It is noteworthy that the hornblende gabbros are richer in REE and other incompatible elements than the migmatitic gneisses.
Initial Sr±Nd isotopic ratios of the Sanabria rocks are comparable with those of other peri-batholithic appinite complexes of the Iberian massif (Fig. 14) . There is a strong heterogeneity in initial 143 This Nd isotope heterogeneity may be inherited from their mantle source. However, transport of REE in a fluid phase, as previously deduced from local variations between the hornblende gabbros and monzodiorites in the Garandones profile, may contribute to the observed isotopic heterogeneities. An important supply of REE from the hosting gneissic rocks may also account for the heterogeneous Nd isotope compositions of the resulting hybrids. The relatively low initial 87 Sr/ 86 Sr of the appinitic rocks is largely explained because most of the Sr is supplied to the system by the parent basic magma. This is true even for monzodiorites inferred to have formed by interactions between fluids released from the basic magmas and the hosting gneissic rocks. The fact that these mantlederived basic magmas were rich in water, K, REE and other incompatible elements such as Rb, and at the same time have a low Sr initial isotopic ratio, may appear paradoxical.
Petrogenetic model
A simplified model of the processes involved in the generation of the Sanabria appinites is displayed in Fig. 15 . The process may start with the invasion of a mid-crustal area composed of mica-rich volcanoclastic and metasedimentary rocks of the Ollo de Sapo formation by a hydrous basic magma (Stage I, Fig. 15 ). The source of this hydrous magma is most likely to be an enriched region of the lithospheric mantle in a supra-subduction zone environment. Crystallization of this hydrous magma within the continental crust may have occurred at pressures of the order of 6 kbar (MartõÂ nez et al., 1990) . As water solubility is highly dependent on pressure (Burnham, 1979) , emplacement of the magma at this crustal level would eventually result in the release of significant amounts of water to the surrounding crust. The high solubility of alkalis and silica in this supercritical fluid (e.g. Grove et al., 2002) makes it an important metasomatic agent, able not only to reduce the melting point of the surrounding rocks, but also to change the composition of the partial melts forming in the migmatites. At this stage (II, Fig. 15 ), a chilled margin may develop within the basic intrusion near the interface with the host migmatites. The water-rich fluid may pass through this chilled margin either by intergranular diffusion or along fractures. The passage of this fluid is recorded by ionic interchange within the chilled margin as evidenced by the observed geochemical variations. It is interesting to note that a supposedly mobile element such as K is retained within the basic magma. The reason is that K is fixed during the early stages of magmatic crystallization by the Mg-rich biotite; this is an early mineral phase in these Mg-and Krich magmatic systems. Consequently, the composition of the fluid phase released from the crystallizing basic magma may be dominated by H 2 O, SiO 2 and Na 2 O. As temperature falls and the basic magma begins to crystallize, the surrounding migmatites are fluxed by the water-rich fluids released from the mafic intrusion. At this stage (III, Fig. 15 ), significant amounts of monzodiorite magma may be developed in the migmatitic areas surrounding the mafic intrusion. The process may be facilitated if crystallization and fluid migration are occurring simultaneously with crustal thinning and extension. This is the case in the Sanabria complex, as deduced from the observed deformation fabrics. In this tectonic scenario, the minimum amount of water needed to generate a granite or monzodiorite melt in the aureole of the mafic intrusion is decreased as pressure decreases. The consequence is that individual crystals and enclaves may be dissolved in the silicate melt during decompression. The efficiency of this process has been proved by means of experimental studies (Castro et al., 2002b) . The contact relationships and shape of the hornblende gabbro small enclaves enclosed by the monzodiorites could be related to dissolution during decompression in a water-rich magma.
In the final stage (IV), the more mafic portions of the composite system (hornblende gabbros) are brecciated and back-veined (IV, Fig. 15 ) by leucocratic veins associated with the regional shearing that produced the banded, magmatic structures in the layered diorites and the intercalations of diorites within the migmatites surrounding the intermediate zones.
Granodiorites
The generation of the granodiorites is probably more complex; although the results of this study are not conclusive. According to experimental studies (Castro et al., 1999 (Castro et al., , 2000 , partial melting of the migmatitic rocks (the Ollo de Sapo gneisses) cannot produce the granodiorites either by fluid-present melting or by fluid-absent melting. Some additional Ca is necessary to generate granodiorites of the appropriate composition from the migmatites in the Sanabria area. Moreover, the granodiorites plot in a field intermediate between the monzodiorites and the migmatites. As granodiorites are hybrid rocks according to their Nd isotopic signatures, they may be viewed as resulting from some kind of further interaction between the monzodiorites and the migmatites (the Ollo de Sapo gneiss) hosting the mafic intrusions of Sanabria. This interaction may imply that granodiorites resulted from the partial melting of hybridized parts of the continental crust formed by alternations of monzodiorite and migmatite. This hypothesis provides a very attractive explanation for the complex field relations in the Sanabria massif, which do not favour a simple process of magma mixing or assimilation. Although granodiorites may result from partial melting of such a mixed source, as generated by the invasion of pelitic migmatites by basic magmas, there is no firm evidence to support this from the results of this study. The granodiorites are intrusive at this crustal level and show no transition with the other mafic and intermediate magmatic rocks of the area. If derived by melting of a mixed source, this must have occurred at deeper crustal levels than the present exposures of the Sanabria complex. Some support for this hypothesis is provided by the geochemical relationships between the granodiorites, diorites and pelitic migmatites.
CONCLUSIONS
The Sanabria complex shows unequivocal field relations between members of the appinitic suite and between these and migmatites derived by anatexis of local basement gneisses (Ollo de Sapo gneiss). These relations suggest a derivation of the monzodiorites and biotite diorites by fractionation and H 2 O fluid-assisted melting of the crustal rocks surrounding the mafic intrusions. The hydrous basic magmas may be derived from an enriched region of the mantle associated with subduction. Reaction between fluids released from the crystallizing basic magma and the host migmatites was responsible for the generation in the crust of a diverse range of intermediate rocks in the Sanabria complex.
